ABS~I'RAC1 " An experiment with growing lambs was designed to test the hypothesis that alterations in blood acid-base status would influence intake of corn silage. Six wethers (29 kg) were fed a diet of corn silage (36% DM, 8% CP) supplemented with 1.25% urea and .2% sulfur. At feeding time, sodium bicarbonate (NaHCO3) and sodium sesquicarbonate (NaSC) were added to the silage at levels of 0, 2% or 4% of diet DM. The treatments were arranged as a 2 x 3 factorial, and the study was conducted as a 6 x 4 incomplete latin square with four 17-(t periods. Voluntary intake of OM was not different (P > .05) between NaHCO 3 (1,008 g/d) and NaSC (1,041 g/d). There was no significant interaction between type of buffer (NaHCO3 or NaSC) and level of buffer on any of the variables measured. The progressive increase in buffer load did not alter feed intake (P > .05), although there was a quadratic response (P < .05) in urine pH and a linear increase (P < .01) in blood HCO~ 2 h after feeding. There was no evidence that lambs fed corn silage experienced metabolic acid stress. Urinary excretion of ammonia and urea were indicative of changes, although not pronounced, in ammoniuria and ureapoiesis in response to bicarbonate loading. This study implies that corn silage imposes no "acid stress" on lambs and, consequently, that there is no nutritional benefit in adding buffers to corn silage for sheep.
Introduction
It has been demonstrated in previous studies with sheep (Bergen et al., 1974; Phillip and Buchanan-Smith, 1982) and with beef cattle (Phillip et al., 1980 ) that ensiling of whole plant corn does not limit intake of corn silage. It has been shown however, with heifers, that addition of NaHCO3 to corn silage enhances feed intake, whereas addition of HCI to fresh, 1Tbe authors acknowledge the contribution of Ralston Purina Canada Inc., who donated the S-Carb| 2present address: Departamento de Nutricion, Universidad Nacional Agraria, La Molina, Apartado 456, Lima, Peru.
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Received October 12, 1988 . Accepted January 7, 1989 whole-plant corn can depress OM intake (Shaver et al., 1984 (Shaver et al., , 1985 . These observations imply that alterations in acid-base balance could influence voluntary intake of corn silage and raise some doubt about the conclusiveness of previous studies with corn silage. The present experiment was designed, therefore, to probe more deeply into the role of acid-base balance in regulating voluntary intake of corn silage. It was conducted with the following objectives: 1) to ascertain the relationship between acid-base status and voluntary intake of corn silage, 2) to determine whether intake of corn silage by lambs could be stimulated by the addition of NaHCO3 and 3) to assess the effect on feed intake of NaSC 3 relative to that of NaHCO3. Sodium sesquicarbonate has generated interest among ruminant nutritionists, but the impact of NaSC on acid-base homeostasis has not been assessed thoroughly (Cassida et al., 1988) .
Materials and Methods
Animals and Diets. The study was conducted with six crossbred (Suffolk x Dorset) wethers (avg weight 29 kg) maintained individually in metabolism cages. The animals were housed in a room maintained at 22~ and subjected to a photoperiod cycle of 12 h light: 12 h dark. Prior to the start of the trial, the lambs were treated for internal parasites with Tramisol| 4 and vaccinated against clostridia with Tasvax-8| 5. The lambs also were injected i.m. with .5 ml Vitamin AD-5006 to provide 500,000 IU vitamin A and 75,000 IU vitamin D3, and with .25 ml Dystocel 7 to provide 68 IU vitamin E and 3 mg Se. The lambs were offered their diets twice daily (0830 and 1630) in equal portions and were allowed free access to fresh water. The basal diet consisted of corn silage (95% of diet DM) supplemented with a urea-mineral-vitamin mixture 8 (5% of diet DM) to provide 1.25% urea and .2% sulfur (DM basis). The buffers and supplement were added to corn silage at feeding time. The final CP content of the diet was 11.3%; the dietary concentrations of Ca and P were .68% and .48%, respectively.
Experimental Design and Measurements.
The experiment was designed as a 6 x 4 incomplete latin square (Cochran and Cox, 1957) with six lambs fed six diets over four 17-d periods. The dietary treatments were arranged as a 2 x 3 factorial with two types of "buffers" (NaHCO3 or NaSC), each added to the basal diet at levels of 0, 2 or 4% of the diet DM. intake to stabilize; the animals were then restricted on feed (85% of ad libitum intake) for a further 5 d, and on the last day of restricted feeding, 24-h urine output was recorded and blood samples were obtained from the jugular vein. During the period of feed restriction, the lambs consumed their meals within 15 to 20 min after they were offered. Blood samples were collected in EDTAcoated evacuated tubes 10 min before the morning feeding, and at 1 h, and 2 h and 3 h after; the samples were placed immediately in an ice-bath and analyzed within 1 h of collection. Blood samples were analyzed for pH, HCO~-and pCO2 with a blood-gas analyzer 9. Plasma was obtained by centrifuging the blood samples at 3,000 x g for 20 min; the plasma samples were frozen for subsequent analyses of urea and electrolytes. On the day of urine collection, samples of fresh urine voided between 0800 to 0845 h were analyzed for pH. Acidified urine was collected for the remainder of the 24 h by adding 20 ml 10 N H2SO4 to the urine container. Total urine volume was recorded, and samples of acidified urine were analyzed for Kjeldahl N, creatinine, urea and ammonia.
Frozen samples of the corn silage fed were minced through a meat grinder (5 mm die) and analyzed for DM by toluene distillation (Dewar and McDonald, 1961) and for total N, NH3 N, non-protein N and pH, according to procedures described previously (Phillip and Buchanan-Smith, 1982) . Organic acids in silage were determined on samples (25 g) extracted with 250 ml .1 N HCI. The extract was centrifuged at 15,000 x g and the supernatant fluid was analyzed for lactic, acetic and butyric acids; lactic acid was analyzed by HPLC according to the procedure of Canale et al. (1984) ; acetic and butyric acids were analyzed by GLC according to the method used by Erfle et al. (1979) for ruminal fluid. Dried samples of silage were analyzed for ADF, NDF (Goering and Van Soest, 1970) and ash (AOAC, 1975) . Samples of refused feed also were dried and analyzed for ash; wet samples of refusals were analyzed for DM (toluene distillation).
Ammonia in the silage extract and in urine was analyzed using an Orion ammonia electrode10; urinary urea and creatinine were analyzed using Sigma 1I Diagnostic Kits No. 640 and No. 555, respectively. Minerals in plasma were analyzed by atomic absorption spectrophotometryl2; plasma sodium and potassium were determined according to methods described by Kalinowski and Chavez (1984) ; plasma chloride was analyzed indirectly by the method recommended in the Perkin-Elmer handbook 13. The method involves adding excess silver nitrate to form a precipitate of silver chloride then determining the concentration of unreacted silver after separation of AgC1.
Analysis of variance was performed using the GLM procedure of SAS (1982) . The model for statistical analysis of the 6 x 4 partially balanced design is described by Cochran and Cox (1957) and accounts for treatment, animals and period as sources of variation. The response to graded levels of "buffers" was assessed using orthogonal comparisons, as described by Steel and Torrie (1960) . At the end of the first period of the study, one animal became ill and was removed from the study; the data set was analyzed with missing observations.
Results
The chemical composition of the corn silage (Table 1) revealed that the silage had fermented well; ammonia N was less ttian 10% of total N and pH and lactic acid content were characteristic of well-preserved corn silage; also, the concentration of butyric acid was negligible.
Statistical analysis of the data revealed no significant interaction of "buffer" (NaHCO3 and NaSC) type and buffer level of any of the variables measured; hence, only the main effects of buffer type and buffer level are presented. Furthermore, although blood sampies were taken at 1, 2 and 3 h after feeding, treatment differences, when they existed, proved mainly to be the result of responses occurring at 2 h after feeding; data are presented only for samples taken 2 h after feeding and before feeding.
Voluntary intake of organic matter was similar (P > .05) for lambs fed NaHCO3 and NaSC (Table 2) . Although urine pH tended to be higher with NaSC than with NaHCO3, this 12perkin Elmer Atomic Absorption Spectrophotometer 360, Norwalk, CT.
13Analytical Methods for Atomic Absorption Spec~o-photometry. difference was not significant (P > .05). Prefeeding levels of blood bicarbonate, as well as other indices of acid-base status, were unaffected (P > .05) by the type of buffer. Plasma urea N concentration also was similar in lambs fed NaHCO3 and NaSC. The response to buffer level of feed intake, acid-base status and plasma minerals is shown in Table 3 .
Progressive loads of buffer (NaHCO 3 or NaSC) did not significantly alter (P = .34) OM intake; however, compared with the control diet, the addition of 4% buffer resulted in a 11% increase in OM intake. At the same level of buffer addition (4%), the response in urine pH was less pronounced; the higher urine pH at the 2% level of buffer addition resulted in a quadratic (P < .05) response in urine pH to buffer loading. Blood bicarbonate concentration and blood pH responded linearly (P < .01) to buffer loading at 2 h after feeding, but based on prefeeding blood samples, buffer loading did not affect (P > .05) blood bicarbonate. Prefeeding estimates of blood pH and pCO2 were unaffected (P > .05) by the various levels of NaHCO and NaSC. The lambs fed corn silage without buffer had blood pH values of approximately 7.4, blood bicarbonate of approximately 28 meq/liter and urine pH of 8.3. Plasma urea N and electrolytes (Na, K, C1) were unaffected by the progressive addition of NaHCO3 and NaSC buffers to the corn silage diet. bUrine samples taken within 45 min before feeding.
CBlood sample taken 10 min before feeding. bBuffers were NaHCO3 and NaSC. CNS = not significant (P > .05); **P < .01; *P < .05.
dUrine sample taken within 45 min before feeding.
eBlood sample taken 10 min before feeding. bNS = Not significant (P > .05); **P < .01; *P < .05.
The effect of buffer loading on partitioning of urinary nitrogen is shown in Table 4 . Nitrogen intake was constant across all diets and was equivalent to approximately .46 g N[ kg BW for these 29-kg lambs. The addition of buffers led to a linear (P < .01) and quadratic (P < .05) increase in urine volume. At the highest level of buffer, creatinine excretion tended to be reduced. When nitrogenous constituents in urine were expressed in relation to creatinine excretion, there was a significant linear reduction in ammonia excretion. Ammonia in urine accounted for less than 2% of urinary N in the control diet, and added NaHCO 3 and NaSC buffers reduced its contribution to less than .5% of total urinary N. There was a trend (P > .05) toward increased excretion of urea that accounted for up to 67% of total N with the 2% level of buffer.
Discussion
The primary objective of the study was to determine whether NaHCO3-induced alterations in blood acid-base status would lead to corresponding changes in voluntary intake of corn silage. To avoid the possibility of a confounding effect of level of feed intake and buffer addition on acid-base status, measures of acid-base balance were taken during a period of restricted feeding following the period of ad libitum feeding. There are reports with sheep showing that ingestion of feed markedly alters acid-base status due to cyclic movement of HCO 3 from blood to saliva (Billitzer and Janet, 1970) . The effect of level of feed intake and rumination on saliva secretion also have been documented (Gordon et al., 1965; Lawlor et al., 1966) . We were convinced, therefore, that to attempt to manipulate blood acid-base status without controlling for the effect of level of feed intake would confound the effect of treatment and, hence, complicate our interpretations.
The results of this study with lambs fed corn silage revealed no significant effect of added NaHCO3 or NaSC on feed intake. In studies with heifers fed all corn silage diets, added NaHCO3 increased OM intake (Shaver et al., 1984 (Shaver et al., , 1985 ; these authors attributed the response in feed intake to silage pH, and concluded that silage pH above or below 5 to 6 led to a depression in intake of corn silage. In our study, a trend toward increased feed intake was apparent, but the lack of statistical significance would not support the notibn that NaHCO 3 stimulates corn silage intake by lambs. Previous failures to observe any effect of ensiling on intake of corn silage (Bergen et al., 1974; Phillip and Buchanan-Smith, 1982) also would strengthen the argument that acidity of corn silage is unlikely to limits its consumption by lambs.
The final pH (after buffer addition) of the corn silage was not recorded in this study, but the concentrations of NaHCO 3 were similar to those applied by Shaver et al. (1984) ; the silages in both studies appear to have similar fermentation characteristics as measured by moisture content, pH, lactic acid and VFA concentrations. It is, therefore, unlikely that the addition of equivalent amounts of NaHCO3 would have resulted in a silage pH markedly different from that reported by Shaver et al. (1984) .
Feeding of silage as compared to the original crop does not alter ruminal pH (Phillip et al., 1980; Thomas and Thomas, 1985) ; thus, any acid-neutralizing benefit of NaHCO3 on feed intake should be mediated through acceptability or through alterations in acid-base homeostasis at the "tissue level." Based on sham feeding studies with silage treated with additional quantities of fermentation acids and other fermentation products, Buchanan-Smith (1985) thought it was unlikely that limitations in silage intake by sheep could be mediated by oft-pharyngeal mechanisms; the results of further sham feeding studies with sheep offered NaHCO 3, NaOH and HCI incorporated into alfalfa pellets also failed to show effects on acceptability that could be ascribed to silage acidity or alkalinity (W. L. Ca-ovum, unpublished data). It is possible, therefore, that the differential response in voluntary intake between lambs and heifers is an indication of species differences in their metabolic response to acid and bicarbonate load. There already is some evidence for differences between lambs and calves in their response to the nilrogensparing effect of NaHCO3 (Phillip, 1986) .
The values observed for blood pH, HCO 3 and other indices of acid-base status did not indicate acid stress; in fact, based on the relationship between urine pH and urinary excretion of bicarbonate (Scott et al., 1971) , the lambs fed the control silage diet (without buffer) would have excreted substantial quantifies of HCO~ in the urine. It is not surprising, therefore, that neither NaHCO3 nor NaSC, despite the higher acid-neutralizing capability of the latter buffer (Cassida et al., 1988) , did not significantly alter feed intake. Responses in urine pH and blood HCO 3 (2 h after feeding) indicate no association between corn silage intake and alterations in acid-base balance. When 2% buffer (NaHCO3 or NaSC) was added to the diet, there were significant and substantial changes in urinary pH and blood HCO 3, yet the change in OM intake was negligible. When the buffer level was increased to 4%, urinary pH decreased and the change in blood HCO 3 was negligible, but the impact on feed intake was most pronounced (although not significant).
The failure to observe an association between blood acid-base status and voluntary intake of corn silage does not preclude the existence of such a relationship with legume or grass silages, which characteristically are higher in protein and seem to have more intake-depressing properties (Thomas and Thomas, 1985) . An interaction of acid-base balance and food intake may be dependent on protein intake (PhiUip, 1986) , and this would differentiate responses of corn silage feeding from those obtained with high-protein silages.
The estimates (32 to 39 mg/kg BW) of 24-h urinary excretion of creatinine were higher than those reported by Topps and Elliott (1967) for wethers weighing between 19 to 49 kg, or by Hodgen et al. (1967) for ewes weighing between 36 to 63 kg. There is no obvious explanation for this discrepancy. Creatinine excretion is known to vary greatly among individual animals, and with physiological state (Bate and Hacker, 1981) . Although urine was collected for only 1 d, the animals were allowed 5 d of adaptation before 24-h urine collection; this procedure should have improved the reliability of the creatinine measurement; creatinine excretion shows very little daily variation after a preliminary period has been allowed (Hodgen et al., 1967) .
The fact that urinary creatinine excretion was unaffected by NaHCO3 or NaSC is consistent with reports that urinary creatinine output is unaltered by diet (Albin and Clanton, 1966; Topps and Elliott, 1967) . Urinary ammonia accounted for less than 2% of the total urinary N, but the reduced ammonia output in response to N',~-ICO3 and NaSC is consistent with observations made with calves given NaHCO3 (Walker et al., 1978) . Although the increase in urinary urea was not significant, the inverse relationship between urea and ammonia excretion is consistent with the responses in ureapoiesis and ammoniuria to alterations in acid-base balance (Ha/perin et al., 1987) . Presumably, urinary ammonia was derived from glutamine, not urea; nevertheless, the partitioning of urinary nitrogen toward urea formation following NaHCO3 (or NaSC) has implications for more efficient utilization of amino acids, such as arginine, which plays a role in urea cycle function. The recent theories emphasizing urea cycle function in metabolic disposal of HCO 3 (Atkinson and Bourke, 1987) would argue for further consideration of an interaction of acid-base balance with nitrogen metabolism in ruminants.
Implications
The results of this study confirm our earlier work that acidity of corn silage does not limit its consumption by lambs; there is, therefore, little utility in adding buffers to stimulate corn silage intake by sheep.
